Adult humans process communicative interactions by recognizing that information is being communicated through speech (linguistic ability) and simultaneously evaluating how to respond appropriately (social-pragmatic ability). These abilities may originate in infancy. Infants understand how speech communicates in social interactions, helping them learn language and how to interact with others. Infants later diagnosed with autism spectrum disorder (ASD), who show deficits in social-pragmatic abilities, differ in how they attend to the linguistic and social-pragmatic information in their environment. Despite their interdependence, experimental measures of language and social-pragmatic attention are often studied in isolation in infancy. Thus, the extent to which language and social-pragmatic abilities are related constructs remains unknown. Understanding how related or separable language and socialpragmatic abilities are in infancy may reveal whether these abilities are supported by distinguishable developmental mechanisms. This study uses a single communicative scene to examine whether real-time linguistic and social-pragmatic attention are separable in neurotypical infants and infants later diagnosed with ASD, and whether attending to linguistic and social-pragmatic information separately predicts later language and social-pragmatic abilities 1 year later. For neurotypical 12-month-olds and 12-month-olds later diagnosed with ASD, linguistic attention was not correlated with concurrent social-pragmatic attention. Furthermore, infants' real-time attention to the linguistic and social-pragmatic aspects of the scene at 12 months predicted and distinguished language and social-pragmatic abilities at 24 months. Language and social-pragmatic attention during communication are thus separable in infancy and may follow distinguishable developmental trajectories.
Language abilities-or the ability to perceive and process linguistic information like speech-and social-pragmatic abilities-or the ability to interact socially with others-are central to human experience. As adult humans, we process a communicative interaction by recognizing that others communicate using speech (linguistic ability) and simultaneously evaluating how to respond appropriately (social-pragmatic ability). Indeed, the origins of language during human evolution are argued to depend partly (Moore, 2017) or largely (Scott-Phillips, 2015; Tomasello, 2008) on humans' evolving social-pragmatic abilities. Language allows us to seamlessly and effortlessly share information using a shared referential code-a uniquely human communicative tool that may have been motivated by our capacity for cooperative social interaction (Scott-Phillips, 2015; Tomasello, 2008) , in conjunction with advances in general cognitive and processing abilities (Moore, 2017) , suggesting that language and social-pragmatic abilities are related.
The coordination of linguistic and social-pragmatic abilities may begin to develop in infancy. To learn language and how to interact with others, human infants must attend to linguistic and social-pragmatic information concurrently within a communicative interaction. But, previous studies have only examined broad associations between infants' language and socialpragmatic abilities through separate measures like using playbased tasks to examine social-pragmatic abilities and parentreport measures to examine language abilities (e.g., Carpenter, Nagell, Tomasello, Butterworth, & Moore, 1998; Markus, Mundy, Morales, Delgado, & Yale, 2000; Mundy & Gomes, 1998) and have not examined infants' real-time linguistic and social-pragmatic attention, or how infants attend to linguistic and social-pragmatic information during naturalistic communicative interactions. Therefore, the degree to which these abilities are related or separable in infancy and throughout development remains unknown. We examine infants' linguistic and social-pragmatic attention experimentally and simultaneously, within the same individual infants.
Relating Language and Social-Pragmatic Abilities in Typical Development
During typical development, infants' abilities to learn language and to understand how to interact with others seem broadly associated (e.g., Kuhl, 2004; Tomasello, 2008) . Before their first birthday, infants use speech to identify human communicative partners (Vouloumanos, Druhen, Hauser, & Huizink, 2009 ) and modify the quality of their babbling-an early language ability, based on contingent social shaping, which is an early social-pragmatic ability (Goldstein, King, & West, 2003) . Within their first year, infants who follow others' gaze say and understand more words during the following year (Brooks & Meltzoff, 2005 , 2008 . Similarly, older infants use social cues like gaze and gestures to learn the meanings of novel words (Baldwin, 1993) , and infants and toddlers who engage in joint attention and imitate others say and understand more words up to 5 months later (e.g., Carpenter et al., 1998; Mundy & Gomes, 1998) . Just as infants learn to interact with others by attending to speech, they also learn language by interacting with others. Thus, language and social-pragmatic abilities may be interdependent abilities and may be supported by similar developmental mechanisms.
Despite the apparent association between language and social-pragmatic abilities in infancy, many studies have examined longitudinal relations (e.g., Brooks & Meltzoff, 2005 , 2008 , 2015 Morales et al., 2000) , and few studies have measured concurrent relations between language and socialpragmatic abilities (e.g., Carpenter et al., 1998; Markus et al., 2000; Mundy & Gomes, 1998) . Studies of concurrent language and social-pragmatic abilities have only examined broad relations using separate measures, with no simultaneous measure of real-time linguistic and social-pragmatic attention as it occurs during naturalistic communicative interactions. For example, at 11, 13, and 18 months, infants who spend more time in joint attention with others concurrently understand more words (Carpenter et al., 1998; Markus et al., 2000) . In these studies, social-pragmatic abilities are measured with semistructured play-based tasks where an experimenter elicits social-pragmatic behaviors by making bids for joint attention. Meanwhile, language abilities are measured separately, using a parental report measure (e.g., Carpenter et al., 1998; Markus et al., 2000) . Though parental reports provide useful insight into children's language development (e.g., Bates et al., 1994; Bauer, Goldfield, & Reznick, 2002) , they do not capture precisely how infants perceive and interpret the relevant information in their environment to learn language (Marchman & Fernald, 2008; Snedeker, 2009; Tsao, Liu, & Kuhl, 2004) . Parental reports reveal what language infants have already learned, but experimental studies of real-time linguistic attention reveal how infants might learn language by identifying and attending to the linguistic information in their environment (e.g., Bion, Borovsky, & Fernald, 2013; Fernald & Marchman, 2012; Marchman & Fernald, 2008) . Without simultaneously examining linguistic and social-pragmatic attention in real time, previous studies could not examine how related or separable these abilities are in infancy.
Distinguishing Language and Social-Pragmatic Abilities in ASD
Some evidence from children diagnosed with autism spectrum disorder (ASD) suggests that language and social-pragmatic abilities may be separable in childhood. One in 59 children are diagnosed with ASD, and have difficulty interacting socially with others, which is a core deficit of the disorder (American Psychiatric Association, 2013; Baio et al., 2018) . Though language difficulties are common among children with ASD (Landa & Garrett-Mayer, 2006; Zwaigenbaum et al., 2005) , they are no longer considered a core deficit (American Psychiatric Association, 2013) . The majority of children diagnosed with ASD are able to learn some language (Wodka, Mathy, & Kalb, 2013) , though language levels can vary from above to below average (TagerFlusberg, 2016) and learning rates can be delayed compared with neurotypical children (Wodka et al., 2013) . Additionally, how children diagnosed with ASD attend to a speaker compared with her surroundings uniquely dissociates children's language and socialpragmatic abilities (Chawarska, Macari, & Shic, 2012) . One-and 2-year-olds with ASD who attend less to a speaker and her surroundings exhibit more severe ASD symptoms, and those who attend less to a speaker's face and mouth understand fewer words (Chawarska et al., 2012) . Together, these findings suggest that language and social-pragmatic difficulties among children with ASD are not perfectly comorbid, and may be supported by related but distinguishable abilities.
Though ASD cannot be reliably diagnosed until 18 to 24 months (Guthrie, Swineford, Nottke, & Wetherby, 2013; Ozonoff et al., 2015) , earlier differences have been noted, suggesting that infants' linguistic and social-pragmatic attention may also be separable in infancy. Compared with neurotypical infants, infants later diagnosed with ASD attend less to an actor's eyes and mouth when she speaks at 6 months and 18 months , which is a unique indicator of language abilities in toddlers with ASD (Chawarska et al., 2012) . Infants later diagnosed with ASD understand and produce fewer words and gestures at 12 and 18 months compared with neurotypical infants Mitchell et al., 2006) . At 6 months, infants later diagnosed with ASD attend less to an actor's actions and her surroundings compared with neurotypical infants (Chawarska, Macari, & Shic, 2013) , which is uniquely related to ASD symptoms in toddlers with ASD (Chawarska et al., 2012) and a possible indicator of social-pragmatic abilities as infants must attend to the people around them to learn how to interact with others (e.g., Wellman, Lopez-Duran, LaBounty, & Hamilton, 2008; Wellman, Phillips, Dunphy-Lelii, & LaLonde, 2004) . Neural studies suggest that the volume of subcortical brain structures at 12 months differentiate infants later diagnosed with ASD and those who develop a language delay one year later: infants later diagnosed with ASD and infants with a language delay show different associations between subcortical structures and language outcomes at 24 months, suggesting that different neural structures may underlie language abilities in infants with and without deficits in social-pragmatic abilities (Swanson et al., 2017) . Thus, how infants attend to the linguistic and socialpragmatic information in their environment may reveal how language and social-pragmatic abilities develop along related but separable trajectories. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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However, these studies have only shown broad differences between early language and social-pragmatic abilities in neurotypical infants and infants later diagnosed with ASD and have not examined whether these abilities are related or separable within the same infants. Furthermore, previous studies with infants and children diagnosed with ASD used scenes in which the actor was speaking and looking directly at the participant (Chawarska et al., 2012 (Chawarska et al., , 2013 , so the linguistic information was confounded with additional social-pragmatic cues. In the current study, we examine neurotypical infants' and infants later diagnosed with ASD's realtime attention during a third-party interaction, in which we can better differentiate attention to the linguistic and social-pragmatic information in the scene and may reveal how related or separable these abilities are in infancy. Dissociating these abilities just as they begin to emerge can reveal deficits unique to language or social-pragmatic abilities and inform more effective, targeted interventions in atypical development (Bennett et al., 2014; TagerFlusberg, 2016) .
The Current Study
In a prospective longitudinal study, we examined whether attending to the linguistic and social-pragmatic information in a single communicative interaction is correlated in infancy, and whether these abilities can distinguish later language from socialpragmatic abilities 1 year later. At 12 months, we showed infants a communicative interaction in which we manipulated a listener's response to a communicator's speech. Half of the infants were at high-risk for ASD (younger siblings of a child with ASD, who have a one in five chance of being diagnosed themselves (Ozonoff et al., 2011) and half were at low-risk for ASD (no first-degree relatives with ASD), whose chance of being diagnosed with ASD is the same as the general population (one in 59; Baio et al., 2018) .
We tracked infants' eye movements as they watched a video of a Communicator alone, repeatedly grasping one (target) of two objects (Martin, Onishi, & Vouloumanos, 2012) . Due to a change in the scene, the Communicator could no longer reach the objects while a Listener could. The Communicator could request the target object from the Listener by speaking, so she spoke a novel word (e.g., "koba"). The Listener responded by selecting either the correct target object or the incorrect nontarget object. Participants were evaluated for their general cognitive abilities at 12 months and were evaluated for an ASD diagnosis and language abilities at 24 months.
If linguistic and social-pragmatic attention are separable, we hypothesized that infants' looking behavior to the Communicator when she spoke (the linguistic information in the scene), would not be correlated with infants' looking behavior to the Listener's response to the Communicator (the social-pragmatic information in the scene). If these two abilities develop along separate developmental trajectories, we hypothesized that (1) infants' looking behavior to the Communicator when she spoke may uniquely predict expressive language abilities at 24 months, over and above their general cognitive abilities at 12 months because older children's looking behavior at a speaker's face is related to their language abilities (Chawarska et al., 2012) , and because 5-montholds match speech, but not nonspeech vocalizations like laughter to human rather than monkey faces suggesting that they attend to linguistic information by looking at the person who produced the speech (Vouloumanos et al., 2009 ). We also hypothesized (2) that infants' looking behavior to the Listener's response may uniquely predict social-pragmatic abilities at 24 months, over and above their general cognitive abilities at 12 months, because children diagnosed with ASD have difficulty interpreting and predicting others' behaviors (Hosozawa, Tanaka, Shimizu, Nakano, & Kitazawa, 2012; Nakano et al., 2010; von Hofsten, Uhlig, Adell, & Kochukhova, 2009) . That is, infants who do not interpret the Listener's response as incongruous when she selects the nontarget compared to the target object in response to the Communicator's vocalization may show more social-pragmatic difficulties at 24 months.
Method Participants
Twenty-nine, full-term 12-month-old infants (11 females) with at least one older sibling participated in a prospective longitudinal study. This sample consisted of middle to upper class families who resided in the New York metropolitan area, and were highly educated (90% of primary caregivers had a college or higher degree). Sixty-six percent of infants were White, 28% were multiracial, and 7% were Asian. The majority of infants heard English (66%), while 34% heard one or more languages in addition to English. The sample size was selected based on previous studies with related methodologies (Martin et al., 2012; Vouloumanos, Martin, & Onishi, 2014; Yamashiro & Vouloumanos, 2018) and was justified by an a priori power analysis (GPOWER; Faul, Erdfelder, Lang, & Buchner, 2007) suggesting that we would need a total of n ϭ 16 infants to detect a significant interaction with two groups of infants on looking times to the actors and objects in the action phase of the test trial based on experimental outcome with 80% power at alpha level of p Ͻ .05 based on an effect size of f ϭ .37 (Yamashiro & Vouloumanos, 2018) . The sample consisted of 15 low-risk infants, with no immediate family members diagnosed with ASD (seven females; M age ϭ 12 months, 24 days; range ϭ 12,3 to 14,9) and 14 high-risk infants, with at least one older sibling diagnosed with ASD by a pediatrician or psychologist (four females; M age ϭ 12 months, 9 days; range ϭ 11,9 to 12,24). Approximately 19% of infant siblings of children diagnosed with ASD will be diagnosed with ASD, compared with 1.7% in the general population (Baio et al., 2018; Ozonoff et al., 2011) , thus including high-risk infants in our sample increases the odds that some of the infants will be diagnosed with ASD. Low-risk infants were recruited from maternity wards at local hospitals (New York, NY). High-risk infants were recruited by distributing IRBapproved materials to local pediatric clinics and autism organizations.
Infants were excluded if they presented with neurological disorder of known etiology, significant sensory or motor impairment, major physical abnormalities, and history of serious head injury and/or neurological disease. All participants were evaluated for an ASD diagnosis at 24 months by a licensed clinical psychologist (see ASD symptoms and diagnosis below). Eye tracking data from an additional 14 infants (eight low risk, six high risk) were excluded due to fussiness or crying (three low risk, three high risk), insufficient gaze tracking by the eye tracker with data loss or inattention during more than 50% of two or more trials (three low This document is copyrighted by the American Psychological Association or one of its allied publishers.
risk, three high risk), experimenter error (one low risk), or receiving a clinical best estimate diagnosis of atypical development without ASD at 24 months (one low risk). Parents gave informed consent on behalf of their infants and received $20 as compensation for each visit, as well as a certificate and small gifts of toys or t-shirts. All procedures were approved by the University Committee on Activities Involving Human Subjects at New York University (IRB-FY 2016 -170) under the title "Divergent Biases for Conspecifics as Early Markers for Autism Spectrum Disorders." Data were collected between December 2013 and June 2016.
Stimuli
Infants watched a video of two actors interacting with two novel objects, based on a live action version of this study (Martin et al., 2012; . Each infant saw a target experimental outcome and a nontarget experimental outcome (see Procedure). In the target outcome, the target object was an orange, angular, hourglass shaped object with a purple base and block in the center and the nontarget object was an inverted ring tower covered in pink tape. In the nontarget outcome, the target object was a gray box with a red base and rod on top and the nontarget object was a yellow cone with a green, coiled wire on top (see Figure S1 in the online supplemental materials for images of all objects).
Procedure
Each experimental outcome included three trials: two familiarization trials and one test trial composed of an action phase and a still image phase. During the familiarization trials, the Communicator was present in the back window with the top of her face and arms visible. Two novel objects were within her reach. She looked briefly to both objects and picked up the target object. The familiarization trial was presented two times, each lasting 4 s with an interstimulus interval of 430 ms ( Figure 1A ). During the action phase of the test trial, both the Communicator and Listener were present. However, the Communicator could no longer reach the objects, because only the top of her face was visible. The Listener could reach both objects. The Communicator looked briefly at both objects, turned to the Listener, and produced a speech vocalization (e.g., "koba"). The Communicator's mouth is covered to ensure that looking behavior to the Communicator is not influenced by her mouth movements. Then, the Listener selected either the target object (target experimental outcome) or nontarget object (nontarget experimental outcome) and lifted it just below the Communicator's face ( Figure 1B ; see Figure 2 for a timeline of the actions). After the 6-s action phase of the test trial, the final image froze for the 20-s still image phase of the test trial ( Figure 1C ). Infants within each risk group were randomly assigned to see either the target experimental outcome first or the nontarget experimental outcome first.
The location of the target and nontarget objects depended on the experimental outcome and were not counterbalanced across infants: The object that the Listener reached for was always the one closest to her so as to minimize the overlap between the areas of interest (AOIs) on the screen and to ensure that the trajectory of the Listener's reaching actions was identical between the target and nontarget trials. Thus, in the Target trials, the target object was closest to the Listener, and in the Nontarget trials, the nontarget object was closest to the Listener.
Apparatus
Infants were seated upright in a high chair approximately 60 cm from a 29 cm ϫ 47 cm screen in a sound-attenuated room. At a viewing distance of 60 cm, the stimulus scene measured 27.8°v ertical and 43.1°horizontal visual angle. Gaze was measured with the SensoMotoric Instruments (SMI) RED-m infrared eye tracker system. The system recorded pupil and corneal reflection, while sampling at 120 Hz. Calibration and stimulus presentation were controlled by SMI IView X™ (Version 2.8, 2014) and Experiment Center™ (Version 3.4, 2014) . Before beginning data collection, the eye tracker software obtained a two-point calibration using a telescoping bulls-eye or animated image of Elmo accompanied by infant friendly sounds. The calibration was repeated if we did not obtain an accurate calibration. Prior to the familiarization trials, participants' attention was attracted to the center of the screen using a telescoping bulls-eye or flashing circle. The eye tracker obtained a four-point validation using a telescoping bulls-eye at the end of data collection to assess whether the accuracy of the tracking shifted from the initial calibration (Oakes, 2010) .
Data Reduction and Analyses
Eye tracking data were processed using SMI BeGaze™ Eye Tracking Analysis Software (Version 3.4, 2014) . To assess infants' visual fixation patterns throughout the video, we defined four AOIs including the Listener's face and body (657,090 pixels), the Communicator's face (69,276 pixels), the target (70,338 pixels), and the nontarget (69,552 pixels) objects (see Figure 1C) . AOIs remained the same size for the duration of the trials. However, the shapes of the Communicator, target, and nontarget object AOIs were adjusted to avoid overlap between AOIs when the Communicator lifted the object below her face during familiarization and when the Listener lifted the object to the Communicator during the action phase of the test trial. The eye tracker calculated fixation lengths and locations by filtering raw looking data by predetermined criteria (80 ms minimum fixation filter, 100 pixels of dispersion) for each individual participant.
The quality of eye tracking data did not differ between neurotypical infants and infants later diagnosed with ASD, as both groups showed no difference in proportion of missing data due to data loss or inattention during the familiarization trials (M neurotypical ϭ .22, SD neurotypical ϭ .10; M ASD ϭ .21, SD ASD ϭ .13; t(27) ϭ .08, p ϭ .94), nor during the action phase of the test trial (M neurotypical ϭ .17, SD neurotypical ϭ .12; M ASD ϭ .15, SD ASD ϭ .10; t(27) ϭ .37, p ϭ .71). Both groups also showed no difference in data accuracy, as measured by discrepancy (in degrees of visual angle) between the initial calibration and final validation on the x-axis (M neurotypical ϭ 1.48, SD neurotypical ϭ 1.66; M ASD ϭ .50, SD ASD ϭ .21; t(25) ϭ 1.92, p ϭ .07) and y-axis (M neurotypical ϭ 1.45, SD neurotypical ϭ 2.04; M ASD ϭ .51, SD ASD ϭ .23; t(25) ϭ 1.52, p ϭ .14).
Observational Measures
General cognitive abilities. We assessed infants' general cognitive abilities at 12 months using the Mullen Scales of Early Learning (MSEL; Mullen, 1995) , which is a comprehensive assessment of This document is copyrighted by the American Psychological Association or one of its allied publishers.
cognitive development across several domains. The MSEL is composed of five subscales including gross motor, fine motor, visual reception, receptive language, and expressive language. Participants receive a raw score for each subscale, which is converted into a T score, percentile rank, and age equivalent. The MSEL also provides an Early Learning Composite score, which is based on the T scores of the last four subscales and provides a measure of general cognitive ability. All subscales are standardized for infants and children aged 0 -69 months, except for the gross motor scale, which is standardized for children aged 0 -29 months. Out of the final sample, one infant later diagnosed with ASD did not complete the MSEL due to fussiness. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Language abilities. Infants' language abilities at 24 months were assessed by the MacArthur-Bates Communicative Development Inventories (MB-CDI; Fenson et al., 1993) . The MB-CDI are a set of reliable parent-report measures of expressive and receptive language skills in infants and children. We used the Words and Sentences Form (normed for 16 -30 months). The MB-CDI were scored using the Scoring Program for MB-CDI (Version 4.1; Marchman, 2013) which calculates percentile scores for each participants' expressive language. Percentile scores reflect each participant's rank compared to others of the same age and sex. Out of the final sample, one neurotypical infant did not have data for the MB-CDI.
ASD symptoms and diagnosis. A licensed clinical psychologist, who was blind to the risk status of all but four high-risk participants (two neurotypical, two ASD), with expertise in diagnosing and treating individuals with ASD evaluated all participants (high-risk and low-risk) for a clinical best estimate diagnosis at 24 months using the Toddler Module of the Autism Diagnostic Observation Schedule (ADOS; Luyster et al., 2009 ). The ADOS is a reliable diagnostic instrument for quantifying behaviors indicative of ASD in children; it assesses social interaction, communication, and restricted and repetitive behaviors through planned "presses" within semistructured play-based interactions. The Toddler Module of the ADOS is intended for children under 30 months. The ADOS provides algorithm scores for social affect and for restricted and repetitive behaviors, which are summed together for an overall total score. The diagnostic groups consisted of 11 infants who received an ASD clinical best estimate diagnosis at 24 months (four low risk, seven high risk) and 18 infants who were neurotypical (11 low risk, seven high risk).
The diagnostic rates in our sample were higher than previously reported diagnostic rates for both low-risk and high-risk infants This document is copyrighted by the American Psychological Association or one of its allied publishers.
(American Psychiatric Association, 2013; Baio et al., 2018; Ozonoff et al., 2011) . This sample is part of a larger longitudinal study in which the diagnostic rates at 24 months are similar to previously reported diagnostic rates in research settings (8% of low-risk participants and 26% of high-risk participants have been diagnosed).
Results
To examine whether linguistic and social-pragmatic attention are separable in infancy, and whether these attention abilities can separately predict later language and social-pragmatic abilities, we first quantified infants' looking behavior to the Communicator and Listener. We divided the action phase into 25 bins of 250 ms each, which would capture infants' typical response time of 200 ms in action processing tasks (Rosander & von Hofsten, 2011) . Then, we estimated individual infants' slope of looking at the Communicator when she spoke (Ϫ250 to 750 ms; (Pfister, Schwarz, Carson, & Jancyzk, 2013; Yamashiro & Vouloumanos, 2018) . Estimates of participants' slope of looking at the Communicator captured the average increase or decrease in infants' looking behavior to the Communicator when she spoke. To quantify infants' looking behavior to the Listener, we calculated individual infants' difference in mean looking at the Listener when she reached for the nontarget object minus when she reached for the target object, which reflects the degree to which infants treated the Listener selecting the nontarget outcome as incongruent (Ϫ250 to 2,500 ms), or social pragmatic attention. A positive score reflects longer looking to the Listener when she selected the nontarget than the target object. We divided the infants into two diagnostic groups: neurotypical and ASD, based on their clinical best estimate diagnoses at 24 months.
We calculated Pearson correlations between infants' looking behavior to the Communicator and Listener to analyze the degree to which infants' linguistic and social-pragmatic attention were related or separable. Next, we used hierarchical linear regressions to analyze how infants' looking behaviors to the Communicator and Listener during the action phase at 12 months predicted later language abilities or social-pragmatic abilities at 24 months. We mean centered all continuous predictors and effects coded diagnostic group with neurotypical as Ϫ1 and ASD as 1. Finally, we used mixed design ANOVAs to examine infants' overall looking times to the actors and objects in the action segment of the test trials and in the familiarization trials. All analyses were conducted in SPSS (Version 22.0; IBM Corp., 2017).
Assumptions for all statistical tests were met and the analyses were justified (Cohen, Cohen, West, & Aiken, 2003) . The residuals for the hierarchical linear regressions were approximately normally distributed and homoscedastic, and there was no multicollinearity among predictor variables. Cook's distance and DFFIT, which are global measures of individual participants' influence on the regression equation, identified two outliers for the effect of infants' slope of looking at the Communicator on words produced and one outlier for the effect of infants' difference score of looking at the Listener on ADOS scores. Results of the regressions remained the same after outliers were removed, therefore we report results using all participants' data.
Relating Linguistic and Social-Pragmatic Attention at 12 Months
To examine whether individual infants' looking behaviors to the Communicator and Listener were related or separable, we used Pearson correlations to test whether there was a relation between (a) individual infants' slope of looking at the Communicator when she spoke, which reflects linguistic attention (Ϫ250 to 750 ms); and (b) individual infants' difference in mean looking at the Listener when she selected the nontarget object minus when she selected the target object, which reflects the degree to which they treat the Listener selecting the nontarget outcome as incongruent, or social-pragmatic attention (Ϫ250 to 2,500 ms; see Figure 2 for a timeline of the actions).
Across diagnostic groups, infants' slope of looking at the Communicator when she spoke was not significantly correlated with infants' difference score of looking at the Listener when she reached for an object (r total ϭ .16, p total ϭ .42; r neurotypical ϭ .19, p neurotypical ϭ .44; r ASD ϭ .07, p ASD ϭ .84).
Predicting Language Production at 24 Months
To examine how individual infants' looking behaviors to the Communicator and Listener during the action phase predicted later language development, we used separate regression models to test whether expressive language at 24 months was predicted by (a) individual infants' slope of looking at the Communicator when she spoke (Ϫ250 to 750 ms); and (2) individual infants' difference in mean looking at the Listener when she selected the nontarget object minus when she selected the target object (Ϫ250 to 2,500 ms). To examine whether the predictive relations between infants' looking behavior to the Communicator or Listener differed by diagnostic group, we also included diagnostic group, and the interaction between looking behavior and diagnostic group as predictor variables in each model.
Expressive language abilities at 24 months were quantified by standardized percentiles of MB-CDI (Fenson et al., 1993) . To ensure that infants' looking behaviors to the Communicator and Listener at 12 months are better predictors of expressive language at 24 months than their general cognitive abilities at 12 months, we included general cognitive abilities at 12 months, as measured by the Early Learning Composite score from the MSEL (Mullen, 1995) as a covariate in each model (see Table 1 for correlations  among variables and Table 2 for variable means) .
In all models, diagnostic group was a significant predictor of expressive language at 24 months, where neurotypical infants produced more words at 24 months than infants later diagnosed with ASD (ps Ͻ .01).
Across diagnostic groups, infants' most positive, nonzero slope of looking at the Communicator in either experimental outcome when she spoke to the Listener (Ϫ250 to 750 ms; Figure 2A ) significantly predicted expressive language at 24 months, where infants who increased their looking at the Communicator when she spoke produced more words at 24 months (b ϭ 110.68, t (24) Figure 3 ). Infants' difference score (nontarget Ϫ target) of looking at the Listener when the Communicator spoke and the Listener leaned forward to reach for an object (Ϫ250 to 2,500 ms; Figure 2B ) did not predict expressive language at 24 months (ps Ͼ .28). General This document is copyrighted by the American Psychological Association or one of its allied publishers.
cognitive abilities at 12 months (ps Ͼ .55) and the interaction between diagnosis and looking behavior to the Listener (ps Ͼ .68) did not account for any additional variance in expressive language at 24 months in any of the models (see Table 3 for full model results).
Predicting Social-Pragmatic Abilities at 24 Months
We used similar hierarchical regression models to examine whether the infants later diagnosed with ASD's looking behavior to the Communicator and Listener during the action phase predicted social-pragmatic abilities at 24 months as measured by Social Affect scores on the ADOS Toddler Module (Luyster et al., 2009) . In separate regression models, we tested whether ADOS Social Affect scores at 24 months was predicted by (a) individual infants' slope of looking at the Communicator when she spoke (Ϫ250 to 750 ms); and (b) individual infants' difference in mean looking at the Listener when she selected the nontarget object minus when she selected the target object (Ϫ250 to 2,500 ms; see Figure 2 for a timeline of the actions). Again, general cognitive abilities at 12 months were entered as a covariate in each model (see Table 1 for variable means and Table 4 for correlations among variables).
Adjusting for infants' general cognitive abilities at 12 months, infants later diagnosed with ASD's difference score (nontarget Ϫ target) of looking at the Listener when the Communicator spoke and the Listener leaned forward to reach for an object (Ϫ250 to 2,500 ms; Figure 2B ), significantly predicted ADOS Social Affect scores at 24 months, such that infants who looked at the Listener less when she reached for the nontarget compared to the target object had more social-pragmatic difficulties at 24 months (b ϭ Ϫ8.98, t(7) ϭ Ϫ2.94, p ϭ .02, f 2 ϭ 1.33, 95% CI [Ϫ15.94, Ϫ2.03]; see Figure 4 ). Infants' looking behavior to the Communicator when she spoke (Ϫ250 to 750 ms; Figure 2A ) and general cognitive abilities at 12 months did not account for a significant amount of variance in ADOS Social Affect scores at 24 months (ps Ͼ .70; Table 3 for full model results).
Overall Looking Times to Actors and Objects
To examine whether neurotypical infants and infants later diagnosed with ASD differed in their overall looking times to the actors and objects during the action phase of the test trial, we ran 2 (Diagnostic Group: Neurotypical, ASD) ϫ 2 (Experimental Outcome: Target, Nontarget) analysis of variances (ANOVAs) on infants' (a) combined looking times to all AOIs and (b) total looking times to each AOI separately.
We found a significant interaction between diagnostic group and experimental outcome on infants' combined looking to all AOIs, F(1, 27) ϭ 5.31, p ϭ .03, 2 ϭ .16. However, planned comparisons were not significant (ps Ͼ .10). This may be because the interaction was driven by infants' looking at the Listener. A significant interaction between diagnostic group and experimental outcome on total looking time at the Listener, F(1, 27) ϭ 5.37, p ϭ Note. ASD ϭ autism spectrum disorder; MB-CDI ϭ MacArthur-Bates Communicative Development Inventories; ADOS ϭ Autism Diagnostic Observation Schedule. This document is copyrighted by the American Psychological Association or one of its allied publishers.
.03, 2 ϭ .15, revealed that neurotypical infants looked longer at the Listener when she selected the nontarget (M ϭ 2,321, SE ϭ 206) compared with the target object (M ϭ 1,704, SE ϭ 177, t(27) ϭ 3.17, p ϭ .004). Infants later diagnosed with ASD looked equally at the Listener when she selected either the target (M ϭ 2,109, SE ϭ 226) or nontarget object (M ϭ 1,993, SE ϭ 263, t(27) ϭ .46, p ϭ .65).
Both diagnostic groups looked longer at the target than the nontarget object when the Listener selected the target object, F(1, 27) ϭ 61.77, p Ͻ .001, 2 ϭ .69, and looked longer at the nontarget than the target object when the Listener selected the target object, F(1, 27) ϭ 65.49, p Ͻ .001, 2 ϭ .70. Infants showed no differences in looking at the Communicator depending on experimental outcome (ps Ͼ .42). And, we found no significant main effects of diagnostic group for their looking time to any AOI (ps Ͼ .62).
Finally, to ensure that both neurotypical infants and infants later diagnosed with ASD attended equally during the familiarization trials, we ran the same ANOVA on infants' combined looking times to all AOIs during the familiarization trials. We found no significant main effects or interaction (all ps Ͼ .12), confirming that both groups attended equally to the Communicator and the objects during the familiarization trials (see Figure S2 in the online supplemental materials for a graph of infants' time course of looking to each AOI).
Examining Differences Between Risk Groups
Because each diagnostic group included both low-and high-risk infants, we ran the same analyses as above separately for each diagnostic group and included interactions with risk group to examine whether our results differed between low-and high-risk infants. In all analyses, results did not differ between risk groups (see the online supplemental materials for full results).
Discussion
Just as the evolution of language in humans is thought to be contingent on our social-pragmatic abilities (Moore, 2017; ScottPhillips, 2015; Tomasello, 2008) , language and social-pragmatic abilities seem to be broadly associated within the first few years of life (Baldwin, 1993; Carpenter et al., 1998; Mundy & Gomes, 1998) , suggesting that these abilities may be supported by similar developmental mechanisms. However, our results show that linguistic and social-pragmatic attention may be separable in infancy as these abilities separately predict and distinguish later language and social-pragmatic abilities 1 year later. First, for both neurotypical infants and infants later diagnosed with ASD, infants' looking behavior to the Communicator when she spoke (linguistic attention) was not correlated with infants' looking behavior to how the Listener responded to the Communicator (social-pragmatic attention), suggesting that these looking behaviors are not related and may be capturing separable abilities. Second, infants' looking behavior to the Communicator when she spoke (linguistic attention) uniquely predicted expressive language but did not predict social-pragmatic abilities at 24 months. Meanwhile, for infants later diagnosed with ASD, looking behavior to the Listener's response (social-pragmatic attention) uniquely predicted socialpragmatic abilities, but did not predict expressive language at 24 months. Together, these findings suggest that language and socialpragmatic abilities may be separable at 12 months and may be supported by related but distinguishable developmental mechanisms in infancy. This document is copyrighted by the American Psychological Association or one of its allied publishers.
How infants identify and attend to a communicator when she speaks (linguistic attention) may be an important mechanism for learning language, for example, by allowing infants to more easily identify the referent for a novel word. Neurotypical infants who attend to speech more at 12 months produce more words at 18 months (Vouloumanos & Curtin, 2014) . Furthermore, toddlers with ASD who do not attend to a communicator when she speaks understand fewer words (Chawarska et al., 2012) . Though infants' attention to a communicator when she speaks is related to later language abilities, we did not find evidence that their attention to a speaker significantly predicts later social-pragmatic abilities. Thus, attending to linguistic information may be an important mechanism for learning language, but may be less important for learning how to interact socially with others in infancy.
Meanwhile, detecting the incongruity of a listener's response in a communicative interaction (social-pragmatic attention) relates to infants' own later social-pragmatic abilities and thus may provide an important mechanism for learning how to interact socially with others. Communicative interactions are dynamic processes, requiring infants to quickly process other's behaviors as they unfold (Thorgrimsson, Fawcett, & Liszkowski, 2015; Yamashiro & Vouloumanos, 2018) . Children with ASD, who have difficulty interacting with others, also have difficulty predicting and interpreting others' behaviors (Hosozawa et al., 2012; Nakano et al., 2010; von Hofsten et al., 2009 ). Thus, the ability to evaluate a listener's response to speech in infancy may be crucial for learning how to quickly evaluate others' behaviors and respond appropriately.
Though we found that for infants later diagnosed with ASD, detecting the incongruity of the Listener's response predicted later social-pragmatic abilities, the current study did not allow us to test whether this predictive relation exists in neurotypical infants. The ADOS is a reliable measure of ASD symptoms, including social- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
pragmatic abilities, in children diagnosed with ASD (scores range from 10 to 28; Luyster et al., 2009 ), but does not provide enough variability to precisely measure social-pragmatic abilities in neurotypical children (scores ranged from 0 to 5). A different index of social-pragmatic abilities in neurotypical children may provide evidence of a link between infants' looking behavior to the Listener's response to the Communicator and later social-pragmatic abilities (Markus et al., 2000; Vaughan Van Hecke et al., 2007) , as it does for infants later diagnosed with ASD. Our data show that early predictors of language may be separable from predictors of social-pragmatic abilities as early as 12 months-1 year before the current age of a reliable ASD diagnosis (Charman et al., 2005; Chawarska, Klin, Paul, & Volkmar, 2007; Guthrie et al., 2013) . Differentiating language and socialpragmatic abilities in infancy may be important for identifying early markers of social-pragmatic deficits characteristic of ASD that are independent of language functioning, and could help tailor early intervention strategies to the needs of individual children (Bennett et al., 2014; Tager-Flusberg, 2016) . For example, interventions that guide infants' attention to a communicator's face when they speak may help improve language abilities and encouraging infants to attend to and interpret others' responses in a communicative scene may help improve social-pragmatic abilities. Targeting language difficulties, independently of social-pragmatic difficulties, can make ASD interventions more effective, thus improving outcomes for children with ASD (Gillespie-Lynch et al., 2012; Magiati, Tay, & Howlin, 2014) .
A limitation to the current study is that each infant only saw one test trial for each experimental outcome, as is typical of violation-ofexpectation (VOE) studies (e.g., Baillargeon, Scott, & He, 2010) . Averaging eye tracking data over multiple trials could provide a more stable and consistent measure of infants' looking behaviors. Another limitation to the current study is that the prevalence rates of ASD for low-and high-risk participants were higher than those previously reported (Baio et al., 2018; Ozonoff et al., 2011) . Our sample may have been biased because it was much smaller than previous studies that examined prevalence rates of ASD in the general population. However, this sample was collected as part of a larger longitudinal study of in which the prevalence rates were more consistent with those previously reported (see Method section).
One critical question for future research is to examine whether neurotypical infants' social-pragmatic attention or their looking behavior to a listener's response to speech predicts later social-pragmatic abilities as we found for infants later diagnosed with ASD. A second question for future research is to examine whether attending to speech earlier in infancy supports both linguistic and social-pragmatic attention at 12 months. Attending to speech within the first year of life is an important mechanism for both learning language and for learning how to interact with others (Vouloumanos & Curtin, 2014; Vouloumanos & Waxman, 2014) . Older children with ASD who listen longer to nonspeech over speech show more ASD symptoms, are less likely to initiate joint attention, and say fewer words (Kuhl, Coffey-Corina, Padden, & Dawson, 2005) , suggesting that attending to speech is related to both language and social-pragmatic abilities. Attending to speech earlier in infancy may be important for learning how to attend to both linguistic and social-pragmatic information in communicative events, which in turn, uniquely predict later language and socialpragmatic abilities later in life.
Conclusion
To process a complex communicative interaction, adult humans simultaneously process linguistic information to understand that speech is communicative, and social-pragmatic information to eval- Figure 4 . Regression plot of infants' looking at listener predicting later social-pragmatic abilities. Regression plot with 95% confidence intervals (ribbon) of infants' difference score of looking at the Listener when she selected the nontarget minus the target object at 12 months (mean centered) on Autism Diagnostic Observation Schedule (ADOS) Social Affect scores at 24 months for infants later diagnosed with autism spectrum disorder (ASD; triangles; n ϭ 11). Open shapes are low-risk infants and closed shapes are high-risk infants. This document is copyrighted by the American Psychological Association or one of its allied publishers.
uate how to respond appropriately. Despite the interdependence between linguistic and social-pragmatic attention and the evolutionary link between the origins of language and social-pragmatic abilities in humans, this study demonstrates that, in 12-month-old infants, linguistic and social-pragmatic attention may be separable constructs that can predict and distinguish language and social-pragmatic abilities one year later. Thus, language and social-pragmatic abilities may follow related but separable developmental trajectories. These findings are important for understanding the different developmental mechanisms that support the linguistic and social-pragmatic abilities crucial to our communicative functioning as adults.
